is a rare species that is endangered. The technology for producing in vitro embryos using oocytes of cows and wisent semen can be an effective tool for conservation of genetic resources of this species and their rational use in basic research on the physiology of development and to create the new animals' types. However, the methods for production of in vitro embryos using the above-mentioned germ cells are currently not described in the literature. In this work, we first attempted to obtain the hybrid cow-wisent embryos in vitro using the IVM/IVF/IVC protocol, developed for domestic cattle (Bos taurus). Frozen epididymal sperm derived from wisent was thawed and prepared by the swim-up procedure. Matured oocytes were coincubated during 18 h together with prepared sperm in Fert-Talp medium, which was replaced then by embrional medium where the embryos were cultured until the blastocyst state. Additionally, for positive control, a part of matured bovine oocytes were fertilized with frozen/thawed ejaculated bull sperm. Fertilizing capacity of male cells of both species was assessed according to the nature of spermatozoa-egg interactions, as well as the capacity of fertilized bovine oocytes to subsequent embryonic development. It was found that the rate of oocytes with sing polyspermy was higher for fertilization with wisent sperm comparing to allogenic insemination (21.6 vs. 8.5 %, P < 0.05). There were no differences between two types of fertilizations nether for the sperm penetration rate (90.0±0.3 vs. 93.3±1.7 % for bull and wisent, respectively), nor for the rate of normal fertilization (78.3±1.7 % vs. 73.2±2.3 %). The similar cleavage and blastocyst formation rates were observed for two fertilization types. Our data indicate the similarity in the mechanisms of oocyte activation and embryonic development in cow and wisent females. In addition, it is obvious that IVM/IVF/IVP protocol, in general, allows in vitro producing cattle-wisent hybrid embryos, however, high levels of polyspermy observed in heterogeneous fertilization, indicates the necessity to adjust the method.
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Keywords: cattle oocytes, the European bison sperm, fertilization in vitro, hybrid embryos European bison, or wisent, (Bison bonasus) is a rare endangered species. Current European bison population is strongly inbred. All modern wisents come from 12 individuals kept in the zoos and reserves in the early XX century [1] . Low genetic variability is one of the main threats to the long-term maintenance of the species. Assisted reproductive technology such as production of in vitro embryos using oocytes of domestic cattle and wisent semen will not only help to maintain the existing genetic resources of the species, but also to involve this species in basic research on the physiology of development and use in creations of new bred forms [2] [3] [4] .
Cow oocytes are a universal object for interspecific hybridization. In publications, there is evidence of their in vitro fertilization using semen of gaur [5] , antelope [6] , horse [7] , sheep [8] , and donkey [9] . Сlose relationship between the species, the lack of specific antigens against wisent spermatozoa in the pellucid zone (PZ) of cow oocytes [10] , and the previously described possibility to obtain a hybrid offspring by crossing [11] are the prerequisites for extracorpo-real hybridization between bovine oocytes and wisent sperm.
Current development of in vitro technologies makes the efficient and large-scale obtaining of the embryos of domestic animals possible [12] [13] [14] [15] [16] . However, the biological usefulness of oocytes reduces during further embryonic development with interspecific extracorporeal fertilization (even with closely related species) [17] . One solution to the problem is adjustment of the method depending on the specificity of source gametes and embryos.
Typically, the schemes developed for domestic animals are used for extracorporeal hybridization involving the gametes of rare and wild species as basic IVM (in vitro maturation)/IVF (in vitro fertilization)/IVC (in vitro culture) protocols [17] [18] [19] . Own technology for producing embryos in vitro for wisent has not been modeled yet. Cases of Bos taurus and Bison bonasus hybrids under similar conditions have not been described in publications as well.
In this paper, a possibility of formation and development of interspecific hybrids resulting from in vitro fertilization of cow oocytes by wisent sperm until the blastocyst stage is demonstrated for the first time.
The purpose of the study was fertilization of bovine oocytes by wisent sperm and evaluation of their further embryonic development in vitro using a protocol routinely used in vitro for domestic cattle embryos.
Technique. The source of females germ cells were cow ovaries collected after slaughter and delivered to the laboratory within 2-3 hours at 30-35 С.
Oocyte-cumulus complexes (OCC) were isolated by dissecting visible follicles and washing 3 times in TC-199 medium containing 5 % fetal bovine serum, 10 μg/ml heparin, 0.2 mM sodium pyruvate, and 50 μg/ml gentamicin (Sigma, USA). Round shape oocytes with homogeneous cytoplasm and uniform width pellucid area surrounded by compact cumulus were collected for the experiments. OCC were cultured in groups of 25-35 oocytes in 500 μl of modified TC-199 medium [20] under a layer of light mineral oil (Sigma, USA) for 24 hours. The matures oocyte was transferred to Fert-TALP fertilization medium containing 114 mМ NaCl, 3.2 mМ KCl, 0.4 mМ NaH 2 PO 4 ½2H 2 O, 2 mМ CaCl 2 ½2H 2 O, 0.5 mМ MgCl 2 ½6H 2 O, 25 mМ NaHCO 3 , 10 mМ HEPES, 10 mM sodium lactate, 0.25 mM sodium pyruvate, 6 mg/ml bovine serum albumin (BSA), 10 μg/ml heparin, 20 μM penicillamine, 10 μM hypotaurine, 1 μM epinephrine, 0.1 % nonessential amino acids and 50 μg/ml gentamicin (Sigma, USA).
Frozen epididymal semen obtained after the forced shooting of 7 year old wisents was used for fertilization (♀ cow -♂ wisent fertilization). Bovine semen was the positive control (♀ cow -♂ bull fertilization). Before the procedure, sperm was thawed for 1 min at 37 C and prepared by swim-up procedure [21] using Sperm-TALP medium containing 100 mМ NaCl, 3.1 mМ KC1, 0.3 mМ NaH 2 PO 4 ∕2H 2 O, 2 mМ CaCl 2 ∕2H 2 O, 1.5 mМ MgCl 2 ∕6H 2 O, 25 mМ NaHCO 3 , 10 mМ HEPES, 21.6 mM sodium lactate, 1 mM sodium pyruvate, 6 mg/ml BSA (Sigma, USA). The resulting active spermatozoa fraction was added to the dishes with Fert-TALP medium and mature oocytes at a dose of 1.0½10 6 spermatozoa/ml.
After 18-20 hours of co-culture, cumulus cells and the adhered sperm cells were removed from oocytes, then part of the oocytes was used for the cytological analysis of penetration and fertilization rates. The remaining oocytes were transferred to specialized medium [22] and cultured until day 7. The oocyte cleavage and blastocyst formation rates were determined.
For the cytogenetic studies of the nuclei of inseminated oocytes, they were fixed in 4 % paraformaldehyde, subjected to permeabilization in 0.5 % Triton X-100 solution, stained with 1 μg/ml DAPI (Sigma, USA), then transferred to a degreased glass slide and embedded in Vectashield medium (Vector Labora-tories, UK). Cytological preparations were examined using fluorescence light microscopy (Axiovert 40 CFL microscope, Carl Zeiss, Germany) at a ½40 magnification.
When calculating penetration rate, the presence of condensed sperm heads and male pronuclei in the cytoplasm of mature oocytes were counted. The oocytes with male and female pronuclei, or condensed sperm heads, as well as the ones in anaphase II or telophase II were considered the cells with normal fertilization. In addition, oocytes that contain two or more condensed sperm heads in the cytoplasm and two or more male pronuclei were defined as the oocytes with polyspermic fertilization.
OCC maturation and fertilization were carried out, and embryo cultures were maintained in 5 % СО 2 atmosphere at a temperature of 38.5 С and 90 % humidity.
Experiments on OCC culture were performed in 3-4 independent replicates. The data were processed by ANOVA using SigmaStat software (IBM SPSS, USA). The significance of differences of the mean values compared was assessed using Tukey test. Percentages (X) and the error of the mean (m) are provided.
Results. Domestic cattle (Bos taurus) is the leader in the efficient and large-scale obtaining of embryos in vitro. There is evidence of extracorporeal fertilization of bovine oocytes by the semen of different species [6] [7] [8] [9] , including closely related ones: gaur (Bos gaurus), banteng (B. javanicus) [5] , yak (B. grunniens) [5, 18] , African (Syncerus caffer caffer) and Asian (Bubalus bubalis) buffalo [17, 19] , and American bison (Bison bison) [23] .
Analysis of the data obtained in this study (Table 1 ) demonstrated an increase in the proportion of oocytes with polyspermy at interspecific fertilization (by 13.1 %, P < 0.05) as compared to intraspecific fertilization, but did not reveal any differences between the two types of fertilization neither in the proportion of oocytes with manifestations of sperm penetration through pellucid zone, nor in the proportion of normally fertilized oocytes. According to the published data, polyspermy is observed in 8-55 % at IVF in cows, depending on the individual characteristics of the bull, sperm concentration and conditions of capacitation and fertilization [24, 25] .
As in most other studies, to obtain interspecific hybrid embryos, we used the technological system used in extracorporeal fertilization in cattle [26] . As in the case of bovine oocytes contact with bull sperm a polyspermy was lower than when they interacted with wisent sperm, it can be assumed that a too high concentration of male gametes was used for interspecific fertilization, or the conditions for the interaction of male and female cells proved inadequate. It is worth noting that similar results were observed when bovine oocytes were in vitro fertilized by yak semen [18] . In an earlier study, heterogeneous fertilization of bovine oocytes was used to assess the European bison sperm fertility. The effectiveness of insemination was determined by the penetration of sperm through the oocyte PZ and pronuclei formation [10] . However, embryo formation and development is the best evidence of successful gamete interaction.
Extracorporeal fertilization of cow (Bos
In our experiments, the oocyte cleavage and blastocyst formation rates after insemination of bovine oocytes by wisent sperm were high and did not differ from those after bull sperm fertilization (Table 2) . Moreover, in both cases, parameters of embryonic development were consistent with the traditional values resulting from IVF in cattle [13, 26] . Our findings and the results of other studies [10] suggest that wisent male gametes are capable of recognizing specific carbohydrate sequence of bovine oocyte pellucid zone glycoprotein and overcome the species barrier, and the acrosome enzymes contribute to sperm penetration into xenogenous oocytes. In addition, the fact of two-cell hybrid embryos formation and their development to the blastocyst stage indicates the similarity in the mechanisms of oocyte activation and embryonic development in cow and wisent females.
Early embryonic development of bovine (Bos
Thus, bovine oocytes can be fertilized by wisent sperm, and the resulting interspecies zygotes are capable of forming pre-implantation embryos. It is also obvious that IVM/IVF/IVP protocol, in general, allows in vitro producing cattle-wisent hybrid embryos, but the high levels of polyspermy observed in heterogeneous fertilization indicate the necessity to adjust the method.
